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I N T R O D U C T I O N  ~ 

Three a l t e r n a t i v e s  a re  c u r r e n t l y  b e i n g  c o n s i d e r e d  as 
p o s s i b l e  G1 m i s s i o n  t i m e l i n e s  i n  t h e  l u n a r  e n v i r o n s .  A l l  t h r e e  
i n c l u d e  a s p l i t  LM a c t i v a t i o n  and checkout  w i t h  a r e l a t i v e l y  
s h o r t  second s e c t i o n  and an  i n t e r p o s e d  s l e e p  p e r i o d .  They d i f f e r  
i n  t h e  o r d e r  i n  which EVA and s l eep  on t h e  l u n a r  s u r f a c e  are 
s c h e d u l e d .  The f i rs t  p l a n  s c h e d u l e s  s l e e p  a f t e r  EVA, t h e  second  
s c h e d u l e s  s leep  b e f o r e  EVA, and  t h e  t h i r d  i s  a compromise 
deve loped  a t  MSC which combines b o t h  o p t i o n s  and r e q u i r e s  a r ea l  
t i m e  d e c i s i o n  by t h e  crew t o  s e l e c t  a d e s i r e d  mode. Two d e c i s i o n  
p o i n t s  are provided--one b e f o r e  EVA and t h e  o t h e r  b e f o r e  T E I .  

The d e s c r i p t i o n s  of t h e  s p e c i f i c  a c t i v i t i e s ,  t h e  work/ 
r e s t  c y c l e  s c h e d u l i n g ,  and t h e  t r a j e c t o r y  c o n s t r a i n t s  r e q u i r e d  
f o r  t h e  t i m e l i n e  c o n s t r u c t i o n  are  d i s c u s s e d  i n  d e t a i l  i n  a 
p r e v i o u s  memorandum by t h e  a u t h o r . "  Using t h e  methodology 
d e s c r i b e d  i n  t h e  r e f e r e n c e ,  a t i m e  m a t r i x  p r o v i d e s  a framework 
f o r  t h e  comparison o f  t h e  v a r i o u s  o p t i o n s .  

EVALUATION 

The s l eep  a f t e r  EVA t i m e l i n e  ( F i g u r e  1) c l o s e l y  approx-  
imates a nominal  16 /8  w o r k / r e s t  c y c l e .  The t i m e  between t h e  
o r b i t a l  s l e e p  p e r i o d  and s l e e p  a f t e r  EVA i s  1 7  h o u r s ,  and 1 5 . 5  
h o u r s  e l a p s e  between s l e e p  on t h e  s u r f a c e  and t h e  f i r s t  T r a n s  
E a r t h  Coast  ( T E C )  s l e e p .  The t i m e  m a t r i x  ( T a b l e  1) shows t h a t  
t h i s  p l a n  p r o v i d e s  t h e  minimum t i m e  i n  l u n a r  o r b i t  and t h e  
l o w e s t  v a l u e  of maximum t ime awake. 
i n d i c a t e  d e s i r a b l e  per formance  l e v e l s  a t  touchdown and dock ing ,  
a n d  a c c e p t a b l e  l e v e l s  a t  EVA and T E I .  T h i s  p l a n  o b t a i n s  t h e  
h ighes t  per formance  r a t i n g  (as d e s c r i b e d  i n  t h e  r e f e r e n c e  c i t e d  
a b o v e )  o f  t 3 .  

The t i m e  s i n c e  s l e e p  v a l u e s  

*P .  Benjamin, "An A n a l y s i s  o f  Work/Rest Cyc le s  and  
C r e w  Performance f o r  Var ious  Lunar  Env i rons  T i m e l i n e  Conf igu ra -  
t i o n s , ' '  Bellcomm T e c h n i c a l  Memorandum 69-2033--1, March 3 ,  1969.  
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The s l e e p  b e f o r e  EVA t i m e l i n e  ( F i g u r e  2 )  d e v i a t e s  some- 
what f rom t h e  i d e a l  w o r k / r e s t  c y c l e .  The  s c h e d u l e d  s u r f a c e  
s l eep  p e r i o d  o c c u r s  o n l y  9 . 5  h o u r s  a f t e r  s l e e p  i n  o r b i t .  A 
l o n g e r  t h a n  nominal  1 8  hour  day f a l l s  between s u r f a c e  s l eep  and  
s l e e p  p r e c e d i n g  T E I .  T h i s  i s  t h e  maximum t i m e  awake f o r  t h i s  
p l a n ,  as shown i n  Table  1, and t h i s  p l a n  a l s o  has t h e  l o n g e r  60 
hour  l u n a r  o r b i t  t i m e .  A s  with t h e  s l e e p  a f t e r  EVA t i m e l i n e ,  
TD o c c u r s  a t  6 . 5  h o u r s  a f t e r  s l e e p ,  b u t  d o c k i n g  o c c u r s  a t  1 4 . 5  
h o u r s  a f t e r  s l eep ,  v e r y  l a t e  i n  t h e  d a y .  EVA and  T E I  o c c u r  
somewhat ea r ly  i n  t h e  work c y c l e ,  a t  a b o u t  3 h o u r s .  The p e r -  
formance r a t i n g  o f  +1 i s  lower  t h a n  f o r  t h e  s l e e p  a f t e r  EVA 
p l a n .  

The t h i r d  p l a n  ( F i g u r e  3 )  r e c o g n i z e s  t h e  p o s s i b l e  re-  
qu i r emen t  f o r  t h e  r e s c h e d u l i n g  of s leep p e r i o d s  and p r o v i d e s  i n  
advance  f o r  r ea l  t i m e  d e c i s i o n s  by t h e  crew as t o  whether  t h e y  
d e s i r e  s l e e p  b e f o r e  o r  a f t e r  EVA and b e f o r e  or a f t e r  T E I .  Thus 
t h e  crew i s  g i v e n  t h e  o p p o r t u n i t y ,  a f t e r  c o m p l e t i o n  o f  p o s t l a n d i n g  
checkou t  and e a t i n g ,  t o  d e c i d e  i n  r e a l  t i m e  whether t o  p r o c e d e  
w i t h  EVA o r  t o  s leep .  T h i s  d e c i s i o n  p o i n t  i s  v i a b l e  o n l y  i f  
t h e  second p o r t i o n  o f  LM a c t i v a t i o n  and checkou t  i s  s h o r t  enough 
t o  p r o v i d e  t h e  EVA o p p o r t u n i t y  r e l a t i v e l y  e a r l y  i n  t h e  work 
day .  S i m i l a r l y  a f t e r  comple t ion  o f  i n t e r v e h i c u l a r  t r a n s f e r  ( I V T )  
and e a t i n g ,  t h e  crew has a p r e p l a n n e d  d e c i s i o n  p o i n t  t o  d e t e r -  
mine whether  T E I  o r  s l e e p  w i l l  f o l l o w .  T h i s  p l a n  r e p r e s g n t s  
a n  advance i n  f l i g h t  p l a n n i n g  i n  t h a t  i t  o v e r t l y  r e c o g n i z e s  
t h e  need  f o r  p o s s i b l e  r ea l  t i m e  m o d i f i c a t i o n  o f  a f i x e d  sequence  
o f  a c t i v i t i e s  and p l a n s  i n  advance  f o r  a l t e r n a t e  modes o f  ope ra -  
t i o n  a t  s p e c i f i c  p o i n t s .  

A s  s e e n  from F i g u r e  3 ,  t h e  c h o i c e  n o t  t o  s l eep  a t  b o t h  
d e c i s i o n  p o i n t s  i n  t h i s  p l a n  r e s u l t s  i n  t h e  s l e e p  a f t e r  EVA 
t i m e l i n e  shown i n  F i g u r e  1. S i m i l a r l y  a c h o i c e  o f  s l e e p  a t  
b o t h  p o i n t s  r e s u l t s  i n  t h e  s l e e p  b e f o r e  EVA t i m e l i n e  shown i n  
F i g u r e  2 .  F i g u r e  4 shows t h e  r e a l  t ime d e c i s i o n  p l a n  ( a n d  t h u s  
a l s o  t h e  p r e v i o u s l y  d e s c r i b e d  p l a n s )  on a t i m e  s c a l e .  The 
f i r s t  d e c i s i o n  p o i n t  o c c u r s  o n l y  9 .5  h o u r s  a f t e r  s l e e p ,  and  
t h u s  t h e  no s l e e p  o p t i o n  seems a more p r o b a b l e  c h o i c e .  However, 
a p o o r  s l eep  p e r i o d  i n  o r b i t  c o u l d  d i c t a t e  a s l e e p  c h o i c e  b e f o r e  
a p h y s i c a l l y  demanding EVA. 

I f  EVA f i r s t  i s  chosen  on t h e  s u r f a c e  t h e  second d e c i -  
s i o n  p o i n t  o c c u r s  1 0 . 5  hour s  a f t e r  s leep ,  a g a i n  i n d i c a t i n g  a 
more p r o b a b l e  no s l e e p  c h o i c e ,  u n l e s s  s l e e p  on t h e  s u r f a c e  was 
i n a d e q u a t e .  The s l eep  a f t e r  EVA and s l e e p  a f t e r  T E I  combina t ion  
of  c h o i c e s  ( F i g u r e  1) was d i s c u s s e d  p r e v i o u s l y .  A s  shown i n  t h e  
t i m e  m a t r i x ,  t h e  s leep  a f t e r  EVA b u t  b e f o r e  T E I  c h o i c e  r e s u l t s  
i n  t h e  same 1 7  hour  maximum awake t i m e  as i n  t h e  s l e e p  a f t e r  
b o t h  e v e n t s  p l a n ,  b u t  r e q u i r e s  t h e  l o n g  l u n a r  o r b i t a l  t i m e  o f  
60  h o u r s .  Performance a t  c r i t i c a l  e v e n t s  i s  s imilar  t o  t h e  
s l e e p  a f t e r  EVA p l a n ,  w i t h  an  i d e n t i c a l  +3 per fo rmance  r a t i n g .  
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I f  t h e  s l e e p  f i r s t  o p t i o n  i s  chosen  on t h e  s u r f a c e  t h e  
second  d e c i s i o n  p o i n t  o c c u r s  1 8  h o u r s  a f t e r  s l e e p ,  i n d i c a t i n g  
a more p r o b a b l e  s l e e p  c h o i c e ,  and  r e s u l t i n g  i n  a c o n f i g u r a t i o n  
i d e n t i c a l  t o  t h e  s l e e p  b e f o r e  EVA p l a n  ( F i g u r e  2 ) .  The r e s u l t s  
o f  t h e  s l e e p  b e f o r e  EVA but  a f t e r  T E I  c h o i c e  are  shown i n  T a b l e  1. 
A 2 3  hour  day r e s u l t s  f rom t h i s  combina t ion .  Al though l u n a r  
o r b i t  t i m e  i s  t h e  lower  52 hour  v a l u e  T E I  o c c u r s  a f t e r  2 0 . 2 5  
h o u r s  i n  a day which a l s o  i n c l u d e s  EVA, LO, and  dock ing .  
p l a n  has t h e  l o w e s t  per formance  r a t i n g  o f  t h e  f o u r  o p t i o n s ,  
z e r o .  

Th i s  

C O N C L U S I O N  

I n  summary, t h e  r e a l  t ime d e c i s i o n  p l a n  r e p r e s e n t s  a n  
advance  i n  t i m e l i n e  t h i n k i n g  i n  t h a t  i t  p r o v i d e s  t h e  p re -p lanned  
o p p o r t u n i t y  f o r  r e a l  t i m e  d e c i s i o n s  t o  choose  w o r k / r e s t  o p t i o n s .  
The c h o i c e  o f  s l e e p  b e f o r e  EVA on t h e  s u r f a c e  i s  somewhat more 
c o n s t r a i n i n g  i n  t h a t  a subsequen t  s l e e p  a f t e r  T E I  c h o i c e  i n  
o r b i t  r e s u l t s  i n  a v e r y  l o n g  d a y .  For  t h e  t h i r d  t o  t e n t h  h o u r s  
o f  a s u r f a c e  s t a y ,  however,  t h i s  o p t i o n  p r o v i d e s  a more r e s t e d  
crew i f  a b o r t  i s  r e q u i r e d .  The c h o i c e  o f  s l e e p  a f t e r  EVA on 
t h e  s u r f a c e  p r o v i d e s  a more r e a l i s t i c  c h o i c e  between t h e  two 
o p t i o n s  b e f o r e  T E I ,  and i s  t h u s  more f l e x i b l e .  The consequences  
of  d e c i s i o n s  t o  s k i p  s l eep  p e r i o d s  e n t i r e l y  a r e  t r ea t ed  i n  
d e t a i l  i n  t h e  r e f e r e n c e  c i t e d  p r e v i o u s l y ,  and are  summarized i n  
t h e  l a s t  two columns o f  T a b l e  1. It must b e  acknowledged,  a l s o ,  
t h a t  r e l a x a t i o n  of  t h e  nominal  16/8 w o r k / r e s t  c y c l e  r e s t r i c t i o n  
opens  up t h e  p o s s i b i l i t y  of  numerous o t h e r  a l t e r n a t i v e s  such  as 
8/4 c y c l e s .  

To o b t a i n  maximum r e a l  t i m e  f l e x i b i l i t y  i n  a new and 
l a r g e l y  unknown environment  i t  i s  s u g g e s t e d  t h a t  t h e  r e a l  t i m e  
d e c i s i o n  t i m e l i n e  be adopted  f o r  t h e  f i r s t  l u n a r  l a n d i n g  m i s s i o n .  
To m a i n t a i n  t h e  d e c i s i o n  p o i n t s  i n  a r e a l i s t i c  f a s h i o n ,  however,  
t h e  second p o r t i o n  of  LM a c t i v a t i o n  and checkou t  must n o t  b e  
expanded o v e r  i t s  c u r r e n t  l e n g t h .  
t h e  r e a l  t i m e  d e c i s i o n  t i m e l i n e  i t s  a d o p t i o n  s h o u l d  b e  r e f l e c t e d  
p r o m i n e n t l y  i n  such  documents as t h e  f l i g h t  p l a n  and m i s s i o n  
r u l e s .  

To e n s u r e  maximum u t i l i t y  o f  
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Attachment  s 
F i g u r e s  1, 2 ,  3 ,  4 
T a b l e  1 
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DEC I S  I ON SEQUENCE 

M A X  T IME AWAKE 

MIN T I M E  AWAKE 

CSM T I M E  IN 
LUNAR O R B I T  

T I M E  ON LUNAR SURFACE 

PERFORMANCE: 

T I M E  S I N C E  SLEEP 

FOR TD 

FOR EVA 

FOR DOCKING 

FOR TEI 

PERFORMANCE RATING 

EVA SLEEP EVA SLEEP 
SLEEP EVA SLEEP EVA 

TE I SLEEP SLEEP TE I 
SLEEP TE I TE I SLEEP 

~~ 

17 18 17 23 

15 9.5 10.5 9.5 

52 60 60 52 

22 22 22 22 

6.5 6.5 6.5 6.5 

11.5 3 11.5 3 

7 14.5 7 14.5 

12.75 3. 25 3.25 20.25 

+3 +1 +3 0 

EVA EVA 
LO L O  

SLEEP TE I 
TE I SLEEP 

25.5 30.5 

16 16 

50 42 

12 12 

6.5 6.5 

11.5 11.5 
22 22 

3.25 27.75 

+1 -1 

TABLE 1 - T I M E  M A T R I X  
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ABSTRACT 

Three p o s s i b l e  G1 m i s s i o n  l u n a r  e n v i r o n s  t i m e l i n e s  
a re  examined. Each has a s p l i t  LM a c t i v a t i o n  and checkout  
w i t h  a r e l a t i v e l y  s h o r t  second s e c t i o n  and a n  i n t e r p o s e d  s l eep  
p e r i o d .  O n e - p l a n  s c h e d u l e s  s l eep  a f t e r  EVA and  s l e e p  a f t e r  
T E I .  The second  s c h e d u l e s  s leep  b e f o r e  EVA and s l eep  b e f o r e  
T E I .  The t h i r d  p r o v i d e s  f o r  r e a l  t i m e  d e c i s i o n s  between t h e  
d e s i g n a t e d  a c t i v i t y  and s l e e p  a t  EVA and  T E I .  

It i s  concluded  t h a t  t h e  r e a l  t i m e  d e c i s i o n  p l a n ,  
which a l l o w s  s l eep  b e f o r e  o r  a f t e r  EVA and s leep  b e f o r e  o r  
a f t e r  T E I ,  p e r m i t s  maximum r e a l  t i m e  f l e x i b i l i t y .  The p r e -  
p l a n n e d  o p p o r t u n i t y  f o r  r e a l  t i m e  m o d i f i c a t i o n  o f  t h e  a c t i v i t y  
sequence  r e p r e s e n t s  a n  advance i n  f l i g h t  p l a n n i n g .  Adoption 
o f  t h i s  t i m e l i n e ,  however,  r e q u i r e s  a n  a b s o l u t e l y  minimal  
s econd  p o r t i o n  o f  LM a c t i v a t i o n  and c h e c k o u t .  It i s  s u g g e s t e d  
t h a t  t h i s  p l a n  b e  a d o p t e d  and r e f l e c t e d  p r o m i n e n t l y  i n  such  
documents as t h e  f l i g h t  p l a n  and m i s s i o n  r u l e s .  


